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(57) ABSTRACT 

Reactive ?uorescent dyes compositions and methods of 
using same are disclosed. Squaraine nucleus, Nile Red 
nucleus, benZodioXaZole nucleus, coumarin nucleus or am 
coumarin nucleus dyes are disclosed having thiol-reactive 
groups. Squaraine nucleus, Nile Red nucleus, benZodiox 
aZole nucleus, coumarin nucleus or am coumarin nucleus 
dyes are disclosed that exhibit a ?uorescence emission of at 
least about 575 nm. Biosensors are disclosed having a 
binding protein and a squaraine nucleus, Nile Red nucleus, 
benZodioXaZole nucleus, coumarin nucleus or am coumarin 
nucleus. 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG 7 
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LONG WAVELENGTH THIOL-REACTIVE 
FLUOROPHORES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t under 35 U.S.C. 
§ ll9(e) of prior U.S. Provisional Application No. 60/573, 
944, ?led May 21, 2004, and Us. Provisional Application 
No. 60/599,514, ?led Aug. 6, 2004, Which applications are 
hereby incorporated by reference in their entirety. 

[0002] This application is based on research Work that Was 
funded in part by a grant from the Us. Army Medical 
Research and Material Command (USAMRMC) under 
TMM Contract No. W8 lXWH-04-l -0076 so that the United 
States government may have certain rights in this invention. 

FIELD OF THE INVENTION 

[0003] The embodiments of the present invention are 
directed to novel long Wavelength ?uorophores for use in the 
detection of an analyte. Additional embodiments are 
directed to ?uorophores that contain a thiol-reactive site that 
can be covalently attached to a thiol group of a molecule. 

SUMMARY OF THE EMBODIMENTS 

[0004] Fluorescent dyes or ?uorophore compounds are 
suitable for use in various chemical and biological pro 
cesses. Various embodiments are directed to ?uorophores 
having a reactive group that can be used to couple or 
conjugate the ?uorophore With another molecule such as a 
protein. Biosensors comprising ?uorophores having a reac 
tive group coupled or conjugated With a protein. 

[0005] Additional embodiments are ?uorophores having a 
reactive group and that have an emission Wavelength of not 
less than about 575 nm, referred to as near-infrared dyes 
(NIR dyes). In one embodiment, the ?uorophores have an 
emission at about 650 nm. The ?uorophore embodiments 
include a pendant reactive group capable of conjugating 
With a member of a speci?c binding pair. 

[0006] The ?uorophores are suitable for coupling to recep 
tors and to binding proteins having an a?inity for a speci?c 
ligand or analyte. In various embodiments of the invention, 
the receptor or binding protein undergoes conformational 
changes When coupled to the ligand or analyte. The ?uoro 
phores When coupled to the binding protein exhibit a detect 
able signal change as a result of binding of ligand. 

[0007] Another embodiment provides a ?uorophore hav 
ing a reactive moiety that can be covalently attached to an 
amino acid. The ?uorophores in one embodiment have a 
thiol-reactive group that can be conjugated to a cysteine 
residue of a protein amino acid. Examples of suitable 
thiol-reactive groups that can be introduced into the ?uoro 
phore include a halo-acetyl and particularly an iodoacetyl 
group. Other thiol-reactive groups include iodoacetamide, 
bromoacetamide, iodoacetate or maleimide. 

[0008] A further embodiment of the invention provides a 
?uorophore having a thiol-reactive group and having an 
emission of at least about 575 nm. The ?uorophores in one 
embodiment of the invention are benZodioxaZole, squaraine, 
9-diethylamino-5H-benZo[a]phenoxaZin-5-one (hereinafter 
referred to as Nile Red), coumarin, and am coumarin. In 
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another embodiment, the invention is directed to derivatives 
of squaraine, benZodioxaZole, Nile Red, coumarin and aZa 
coumarin, hereinafter refered to interchangeably as 
squaraine nucleus or nuclei, benZodioxaZole nucleus or 
nuclei, Nile Red nucleus or nuclei, coumarin nucleus or 
nuclei and aZa coumarin nucleus or nuclei, respectively, or 
collectively as “?uorescent dye.” Derivatives of the 
squaraine nuclei, benZodioxaZole nuclei, Nile Red nuclei, 
coumarin nuclei and aZa coumarin nuclei include any reac 

tion product of the derivative, for example, With a protein 
amino acid group. Derivative is meant to include any 

chemical modi?cation, addition, deletion, or substitution to 
an aforementioned nucleus. One embodiment includes 

nuclei of the aforementioned dyes that exhibit a ?uorescence 
emission of at least about 575 nm are included as embodi 

ments. In one embodiment, the squaraine nuclei, benZodiox 
aZole nuclei, Nile Red nuclei, coumarin nuclei and aZa 
coumarin nuclei contain a thiol-reactive group for binding to 
a protein. 

[0009] Another embodiment is also directed to a conjugate 
of a binding protein and a squaraine nucleus, benZodiox 
aZole nucleus, Nile Red nucleus, coumarin nucleus and aZa 
coumarin nucleus coupled to the binding protein through a 
cysteine residue on the binding protein. The cysteine residue 
of the protein can be naturally occurring or engineered into 
the protein. In one embodiment, the binding protein is a 
glucose binding protein that has an a?inity for glucose and 
reversibly binds glucose. The ?uorophore produces a detect 
able change in a ?uorescence property in response to bind 
ing. The detectable change in a ?uorescent property can be 
a shift in the Wavelength of emission, a change in intensity 
of the emitted energy, a change in ?uorescence lifetime, a 
change in anisotropy, change in polarization, or a combina 
tion thereof. In another embodiment, the binding protein is 
a maltose binding protein (MBP) that has an a?inity for and 
binds maltose. In another embodiment, the binding protein 
is altered so that it has an a?inity for and binds non-native 
ligands. 

[0010] The various embodiments of the present invention 
provide for a ?uorophore having the formula 

A-Y 

Where A is selected from the group consisting of squaraine 
nucleus, Nile Red nucleus, benZodioxaZole nucleus, cou 
marin nucleus, and an aZa coumarin nucleus, and Where Y is 

Where n is an integer of l to 6, or Y is A'-COiR1, Where A' 
is iRZOi or iR2N(R3)i, Where R2 is a C1 to C6 alkyl, 
R3 is H or CH3, and R1 is CH2Cl, CHZBr, CH2I, or 
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Where m is an integer of 2 to 6. 

[0011] Additional embodiments provide for a biosensor 
compound having the formula 

Where A is a ?uorophore selected from the group consisting 
of a squaraine nucleus, a Nile Red nucleus, a benZodiox 
aZole nucleus, a coumarin nucleus, and an aZa coumarin 

nucleus, Where Y'iB is 

Where n is an integer of l to 6, or Y'iB is A'-COiViB, 
Where A' is iRZOi or iR2N(R3)i Where R2 is a C1 to 
C6 alkyl, R3 is H or CH3, and ViB is iCHziB or 

Where m is an integer of 2 to 6, and B is a receptor having 
a reversible binding a?inity for a ligand to be detected, and 
Where the biosensor compound exhibits a detectable change 
in a ?uorescence property as a result of changes in concen 

tration of the ligand. 

[0012] Further embodiments are methods for detecting 
analyte comprising: providing a biosensor compound having 
at least one mutated binding protein With a ?uorophore 
covalently bonded thereto through a thiol group of said 
binding protein, Where the ?uorophore exhibits an emission 
?uorescence of at least 575 nm and is selected from the 

group consisting of a squaraine nucleus, Nile Red nucleus, 
benZodioxaZole nucleus, and am coumarin nucleus. The 
biosensor compound is subjected to an energy source to 
excite said ?uorophore and to detect a ?uorescence property 
as an indicator of a analyte concentration in the analyte 
containing source. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The folloWing is a brief description of the draW 
ings, in Which: 

[0014] FIG. 1 is a graph shoWing the absorbance spectrum 
of compound 2 in chloroform; 

[0015] FIG. 2 is a graph shoWing the excitation and 
emission spectra of compound 2 in chloroform; 

[0016] FIG. 3 is a titration curve of compound 1 conju 
gated to Hl52C GGBP in PBS bulfer; 

[0017] FIG. 4 is a graph shoWing the absorbance spectrum 
of compound 2 conjugated to V19C GGBP in PBS bulfer; 

[0018] FIG. 5 is a graph shoWing the change in ?uores 
cence of compound 2 conjugated to Vl9C GGBP in 
response to a change in glucose concentration in PBS buffer; 

[0019] FIG. 6 is a schematic vieW of instrumentation used 
in Example 15; and 

[0020] FIG. 7 illustrates a change in a ?uorescence prop 
erty of 9 conjugated to A213C GGBP upon addition of 
glucose in an in vitro through skin measurement. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

[0021] The present disclosure is directed to ?uorescent 
dyes that are suitable for use as components of biosensors 
for detecting a ligand and particularly an analyte, and 
methods of use. One embodiment is directed to ?uorescent 
dyes that can be conjugated to a receptor to detect, quantify, 
or detect and quantify the ligand. 

[0022] In one embodiment, the ?uorescent dyes are used 
to produce a biosensor Where the ?uorescent dye is 
covalently attached to a binding protein. As used herein, the 
term “biosensor” and “biosensor compound” refers to a 
compound that undergoes a detectable change in speci?c 
response to a ligand or target analyte. The embodiments of 
the biosensor discussed herein include a binding protein that 
is capable of binding to an analyte. In other embodiments, 
the biosensor of the invention is able to detect an analyte and 
to detect changes in the analyte concentration. In various 
embodiments, the protein may be chosen from the group of 
periplasmic binding proteins that includes, but is not limited 
to, glucose/galactose binding protein, maltose binding pro 
tein, allose-binding protein, arabinose-binding protein, 
dipeptide-binding protein, glutamic acid/aspartic acid-bind 
ing protein, glutamine-binding protein, Fe(III)-binding pro 
tein, histidine-binding protein, leucine-binding protein, leu 
cine/isoleucine/valine-binding protein, lysine/arginine/ 
omithine-binding protein, molybdate-binding protein, 
oligopeptide-binding protein, phosphate-binding protein, 
ribose-binding protein, sulfate-binding protein, Zn(II)-bind 
ing protein, and vitamin B-l2-binding protein. 

[0023] In other embodiments, the biosensor is a ?uores 
cent dye covalently attached to a binding protein, Wherein 
the protein-dye conjugate exhibits a ?uorescence emission 
of 575 nm or higher. In one embodiment, the ?uorescent dye 
exhibits a ?uorescence emission of not less than 575 nm. In 
one exemplary form, the binding protein is a glucose/ 
galactose binding protein (GGBP) that is able to bind With 
glucose When in contact With a glucose-containing source. 
In another embodiment, the binding protein is a maltose 
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binding protein (MBP). Not to be held by any theory, the 
binding protein is understood to undergo a conformational 
change upon binding of ligand. The percentage of binding 
protein binding sites occupied by ligand is dependent upon 
the concentration of ligand and the binding constant of the 
binding protein. 
[0024] The ?uorescent dye embodiments that exhibit a 
?uorescence emission of at least about 575 nm avoid or 
minimize background interference from the biological sys 
tem or other components in the glucose source. The ?uo 
rescent dyes exhibit a change in intensity of the ?uorescence 
signal, a shift in the emission Wavelength of the maximum 
?uorescence emission, a change in ?uorescence lifetime, a 
change in anisotropy, a change in polarization, or a combi 
nation thereof, When the binding protein undergoes a con 
formational change as a result of changes in the glucose 
concentration. In the method embodiment, the biosensor 
contacts a sample containing analyte, for example glucose, 
to enable the analyte to bind With the binding protein, Where 
the sample includes, but is not limited to, blood, saliva, 
interstitial ?uid, etc. An energy source, such as a laser or 
LED, is applied to the biosensor to excite the ?uorescent 
dye, and a ?uorescence property is detected. Due to either a 
conformational change in the binding protein, subsequent 
changes in the microenvironment of the dye, or both, the 
detected ?uorescence property or change of the detected 
?uorescence property can be correlated to the presence of an 
analyte or a analyte concentration. The ?uorescence and 
detection can be carried out continuously or intermittently at 
predetermined times. Thus, episodic or continuous sensing 
of analyte, for example, glucose, is envisaged. The biosensor 
disclosed herein is adaptable for use in strips, implants, 
micro- and nano-particles, and the like. 

[0025] The ?uorescent dye is covalently attached to the 
binding protein in a site-speci?c manner to obtain the 
desired change in the ?uorescence. The ?uorescent dye is 
attached at a site on the binding protein so that the confor 
mational change maximizes the change in ?uorescence 
properties. In other embodiments of the invention, the 
?uorescent dyes have a thiol-reactive group that can be 
coupled to the thiol group on a cysteine residue of the 
binding protein. The ?uorescent dye includes the aforemen 
tioned derivatives of the squaraine nuclei, benzodioxazole 
nuclei, Nile Red nuclei, coumarin nuclei and aza coumarin 
nuclei. 

[0026] The biosensor in one embodiment has the formula 
I 

A-Y'iB (I) 

[0027] In the formula I, A is squaraine nucleus, Nile Red 
nucleus, benzodioxazole nucleus, coumarin nucleus, aza 
coumarin nucleus, and derivatives thereof. Y'iB is 

Where n is an integer of l to 6, or Y'iB is A'-COiViB, 
Where A‘ is iRZOi or iR2N(R3)i. R2 is a C l to C6 alkyl. 
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In one embodiment, R2 is a C2 to C4 alkyl. R3 is H or CH3. 
ViB is iCHziB or 

Where m is an integer of 2 to 6. In one embodiment, R20 is 
i CH2CH2Oi. In another embodiment, R2N(R3) is 
4CH2CH2NHi. B is a receptor having a binding a?inity 
for a ligand being detected and monitored by the biosensor. 
The biosensor compound exhibits a detectable change in a 
?uorescence property as a result of changes in concentration 
of the ligand. In one embodiment, B is a glucose/galactose 
binding protein that exhibits a detectable change in ?uores 
cence emission as a result of changes in concentration of the 
ligand such as glucose. In another embodiment, B is a 
maltose binding protein. 

[0028] In one embodiment, ?uorescent dyes or ?uoro 
phores have a thiol-reactive group and have the general 
formula 

A-Y (11) 

Where A is a squaraine nucleus, Nile Red nucleus, benzo 
dioxazole nucleus nucleus, coumarin nucleus, aza coumarin 
nucleus, or derivative thereof and Y is a thiol-reactive group. 

[0029] In other embodiments, in formula II, Y is 

Where n is an integer of l to 6, or Y is A'-COiR1. A‘ is 
iRZOi or iR2N(R3)i. R2 is a C1 to C6 alkyl. In one 
embodiment, R2 is a C2 to C4 alkyl. R3 is H or CH3. R1 is 
CH2Cl, CH2Br, %H2I, or 

Where m is an integer of 2 to 6. The dye may exhibit a 
?uorescence emission of at least about 575 nm. In one 

embodiment, R20 is 4CH2CH2Oi. In another embodi 
ment, R2N(R3) is iCH2CH2NHi. In a further embodi 
ment, Y is i(CH2)2OCOCH2CH2X, Where X is Cl, Br or I. 
In other embodiments, R2 is a C2 to C4 alkyl such as 
%H2CH2i. 
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[0030] The squaraine nucleus as embodiments of the 
invention are based on derivatives of the squaraine structure 

(111) 

[0031] The squaraine nucleus of formula III exhibits 
changes in its ?uorescence properties With changes in its 
environment. For example, the squaraine nucleus III exhibits 
a 20-fold increase in its ?uorescence quantum yield by 
changing its environment from a polar protic solvent such as 
methanol to a non-polar solvent such as toluene [C. Corne 
lissen-Gude, W. Rettig, R. Lapouyade. “Photophysical prop 
erties of Squaraine Derivatives: Evidence for Charge Sepa 
ration.”J. Phys. Chem. A 1997, 101, 9673-9677]. Squaraine 
dyes can have an absorbance maximum near 635 nm and 

exhibit a ?uorescence emission peak at about 650 nm. These 
dyes can ?uoresce readily When exposed to the light from a 
red laser diode excitation source, for example. 

[0032] The thiol-reactive squaraine nucleus embodiments 
of the invention have the structures of formula IV and 
formula V 

(W) 
R’ o9 

R" Y 
\ 
N N 
/ 
RH RN 

9 
o R’ 

Where R' is H or OH, R" are independently methyl, ethyl or 
propyl, R4 is a C1 to C6 alkyl or (CH2)qCO2H, Where q is an 
integer of 1 to 5, Z and Z' are independently S, O, or 
C(CH3)2, W and W' are independently H, CH3, SO3H, fused 
benZene, or fused sulfobenZene, and Y is as previously 
de?ned. 
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[0033] In one embodiment, the thiol-reactive squaraine 
nucleus has the formula 

(1) 

O9 
\ / O 
N N / 4:%%<?% } Wok/1m 

O6 
(2M3) 

9 
O 

S S 

Ct \ \ WI) N N 

\4 K R O O 

A/ NH 

Where R4 is ethyl in compound 2 or (CH2)2CO2H in com 
pound 3. 
[0034] Another embodiment includes Nile Red nuclei 
generally having an absorbance of about 550 nm and emis 
sion maxima of about 575 nm or more. These nuclei 
typically exhibit a shift of the emission maxima to as much 
as 650 nm in lipid environments. In one embodiment, Nile 
Red nuclei have the formula 

Where R5, R6, and R7 are independently methyl, ethyl or 
propyl, and Y is as previously de?ned. 

[0035] 
formula 

(4) 

ICHZCOO 
N 

I ll \ 
/N O O or 

(VI) 

(VII) 

In one embodiment, the Nile Red nucleus has the 
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-continued 

(5) 

O 

W,» 

M12119 
J 

[0036] One embodiment includes benZodioXaZole nuclei 
having the 

I 

Where r is an integer of l to 3, R8 and R9 are independently 

a C1 to C6 alkyl or (CH2)SCO2H, Where s is an integer of 2 

to 5. Z is S, O, or C(CH3)2. W is H, CH3, SO3H, fused 
benzene, or fused sulfobenZene. Y is as previously de?ned. 

Dec. 14, 2006 

[0037] In one embodiment, the benZodioXaZole nucleus 
has the formula 

S (6) 

‘N \ \No 
J 

/ \ 
N\O/N 

NHCOCHZI or 

(7) 

—\ — o 

N \ \ /N\/\NHCOCH2I or 
J 

/ \ 
N\O/N 

(3) 

[0038] Another embodiment includes coumarin and am 
coumarin nuclei having the formula 

(X) 

R12 

N 
\Y or 

D\ \ 
I 

R10 

\lil O O 
Rll 

(X3) 

R12 

N/ 
\Rlo or 

D \ 

Q1 \ I Y 

\/N o 0 
R11 
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-continued 

(X1) 

’'/W or 

Z \ / 
(9 

\Y 
R10 
\/N O O 
R11 

(XIa) 

Z \ / 

D\ \ \?I 
‘ \ 

R10 
Y 

\/N O O 
R11 

Where D is CH or N, r is an integer of l to 3, R10, R11 and 

R12 are independently C 1 to C6 alkyl or (CH2)SCO2H, Where 

s is an integer of2 to 5, Z is S, O or C(CH3)2. W is H, CH3, 
SO3H, fused benzene or fused sulfobenZene and Y is as 

previously de?ned. 

Dec. 14, 2006 

[0039] In one embodiment, the am coumarin nucleus has 
the formula 

(9) 

N\/\O)k/I or 

£1“ \ 
\III 0 o 

(10) 

s 

WN @ /\N o o \ o 

) Of 
[0040] The squaraine nucleus embodiments of the inven 

I 

tion can be synthesized by Various knoWn techniques. Sym 
metrical nuclei can be prepared by reacting an aromatic 
nucleophile With squaric acid. A ?rst reaction scheme for 
producing an iodoacetyl squaraine is depicted in the Scheme 
I as folloWs. 

Schemel 

. 

>NN/W. 
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[0041] A second reaction scheme for producing an iodoac 
etamidyl squaraine nucleus derivative is depicted in the 
Scheme 11 as follows. 

Schemell 

0 

Br S 

\/\N />/ O 
S 

/ N (9 

/ O k/ N N 

O 
22. 2b 

0 
S 

@K / N 
/ O 
R H0 

20, 3c 

09 
6 
O s s 

S S <— \ \ \ @ 
NH N N \ \ \® ( 2)2 \ O 

N N R O 

\ Q R O 
N 

NH2 

2e, 3e 0 

2d, 3d 

09 
S S 

{l\ \ @Q N N 
\ 
R O 0 KA/1 NH 

2, R : 02H5 

3, R : (CH2)2CO2H 
2, 3 
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[0042] The Nile Red nucleus derivative embodiments can 
also be prepared using various reaction schemes. A ?rst 
reaction scheme for producing an iodoacetyl derivative is 
depicted in the Scheme III as follows. 

NaNOZ/HCI 

NO 
45. OH 

4b 

OH 

ICHZCOO (ICH2CO)2O HO 
N <— N 

l l I \ \ 
/N o o N o o 

4 4d 

[0043] A second reaction scheme for producing an iodoac 
etamidyl derivative is depicted in the Scheme IV as folloWs. 

Schemely 

OH IVJN / O/\_N / 

@E‘ @riigo 
i 

52. 

lMeNHZ/MeOH 
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[0045] Scheme V can be modi?ed to produce benZodiox 
aZole nucleus derivatives containing other ring systems, as 
shoWn below in Scheme VI. 

Schemejll 

HZN N 
EtB /K CO 

/ \ r 2 3’ / 
N N N N 

\O/ \O/ 
72. 7b 

POCl3/DMF 

\ilsmaeir reaction 
0 

_ piperidine \ 
Q N O N CHO 

/\ \ \ N/\/ / 
N / / \ 

\/ O — N N N 

N/ N /<\3I\(Ia/\/ \O/ \O/ / 0 7c 

76 7d 

\Beprotection ofthe amine 

/\ N® 
\/N \ \ / \/\NHCOCH2I 

N N 

\O/ 
(9 

7 (ICHzCWZk /\N \ \ / N\/\NH2 

0 7f 

[0046] An alternative procedure for producing benZodiox 
aZole nucleus derivatives is shoWn in reaction scheme Vla. 
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-continued 
H3C H3C 

N CH0 POCl3/DMF N 

HO HO 

[0047] An exemplary procedure for the synthesis of hen 
zodioxazole nucleus With an iodoacetyl linker is depicted in 
Scheme VII 

SchemelH 

—\ 
HZN EtBr/K2CO3 N 

' J 

/ \ N/ \N 
\O/ \O/ 

85. 8b 

POCl3/DMF 
Vilsrnaeir reaction 
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-continued 
S 

\ \ \ @ piperidine N CH0 
N 

O 0 

8c 

(ICH2CO)2O 
pyridine 

S 

N \ \No 

ooccrrzr 

[0048] An alternative procedure for producing benZodiox 
aZo1e nucleus derivatives is shown in the reaction Scheme 


















































